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doi:10.1016/j.jmu.2012.01.002Mechanical dysfunction of left atrium (LA) could be documented by tissue Doppler and speckle
tracking echocardiography in patients with congestive heart failure (CHF). This study included
28 CHF, 46 untreated hypertension (HT), and 52 normal (NM) individuals with normal sinus
rhythm. LA volumes and emptying fraction (LAEF) were measured by biplane area-length
method. Peak LA strain (LAS) and strain rate (LASR) measured from speckle tracking echocar-
diography were identified as the peak negative deflection after P-wave. Tissue velocity (LATV)
and tissue Doppler-derived strain (LATS) of LA were also used as indices of LA mechanical func-
tion. LAEF, LAS, LASR, LATV, and LATS were significantly lower in CHF than in HT and NM. After
multivariate analysis controlling for age and sex, LAS, LASR, and LATV were still significantly
lower in CHF. LASR was significantly correlated with LAEF. In conclusion, LA mechanical func-
tion was decreased in patients with CHF.
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Normal function of the left atrium (LA) is vital for overall
cardiac performance. Patients with left ventricular
dysfunction or congestive heart failure (CHF) were thoughtof Ultrasound in Medicine.Open access under CC BY-NC-ND license.
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contributes to maintain left ventricular end-diastolic
pressure and cardiac output [2]. With progression of left
ventricular dysfunction, the LA contribution to left
ventricular filling gradually decreases [1]. This reduction
may be due to intrinsic LA dysfunction mediated by
increased workload of the LA myocardium [1]. However, LA
function is difficult to assess quantitatively by transthoracic
echocardiography. The most commonly used parameter
for evaluation of LA function is LA size or volume; increased
LA volume has been proved to be an important factor
for poor prognosis in CHF patients with both ischemic or
dilated cardiomyopathy [3,4]. LA dilatation can be recog-
nized on M-mode or two-dimensional echocardiogram [1].
LA volume measured by two-dimensional echocardiogram
is thought to be more reliable than M-mode, however,
there are several two-dimensional echocardiographic
methods to measure LA volume, with significant differ-
ences between these methods [5]. Solely LA volume also
cannot reflect the pumping function of the LA, which has
more contribution, up to 30% of the cardiac output in
CHF patients [6]. LA emptying fraction (LAEF) may be
measured, however, it is still based on measurement of LA
volume [6].
Transesophageal echocardiography is another method
for evaluation of LA function. Pulmonary venous flow
velocity measured by transesophageal echocardiography is
useful for evaluation of hemodynamics of the LA [1]. Our
previous study demonstrated that LA appendage function
by transesophageal echocardiography is predictive for left
ventricular filling pressure in CHF [7]. However, trans-
esophageal echocardiography is semi-invasive, and not easy
to use in daily practice.
Recently, tissue Doppler imaging has been applied for
assessment of cardiac function, including atrial function
[8,9]. Impaired atrial wall myocardial contraction velocity
measured by tissue Doppler imaging was noted in patients
with coronary artery disease. Significantly lower LA
myocardial contraction-relaxative velocity was noted in
patients with left ventricular dysfunction [8]. Although
tissue Doppler imaging is applicable for assessment of LA
function, one cannot exclude the possible effects of teth-
ering from the left ventricle. Tissue Doppler-derived strain
or strain rate have been used for evaluation of LA function
to avoid tethering effects of the left ventricle [10e12].
Early LA dysfunction was documented by tissue Doppler-
derived strain imaging in patients with amyloidosis with
low variability and could be detected before obvious
cardiac structure change appeared [10].
Newly developed speckle tracking echocardiography is
useful in the assessment of left ventricular strain and
strain rate [13]. This two-dimensional strain imaging avoids
the effects of Doppler velocity angle dependency and
ventricular myocardial tethering [14]. Speckle tracking
echocardiography has been used for assessment of left
ventricular regional systolic function in three dimensions
[13e15]. Our previous study showed that strain assessed
by speckle tracking echocardiography was more sensitive
for measuring subtle left ventricular systolic function than
ejection fraction [16]. We hypothesized that this tech-
nique could be applied for the assessment of LA function.
By careful identification of negative deflection afterelectrocardiographic P-wave on strain or strain rate wave-
form, we can evaluate the real pumping component of LA
function. By using this method, we have documented that
active pumping of LA was associated with paroxysmal atrial
fibrillation [17].
In this study, we measured LA function by speckle
tracking echocardiography, tissue Doppler imaging, and
also by traditional two-dimensional echocardiography to
see whether depressed LA function was associated with
CHF. We also evaluated the usefulness of different echo-
cardiographic modalities for evaluation of LA function.
Methods
Participants
This study included 126 individuals (mean age 53 16
years, range 22e90 years, 59 men) in our echocardiography
laboratory from January to June 2008. These individuals
included 28 patients with CHF (HF group), 46 patients with
untreated hypertension (HT group), and 52 normal indi-
viduals (NM group). CHF was diagnosed if patients had
typical symptoms and signs of HF and left ventricular
ejection fraction <50%. Untreated HT was diagnosed if
blood pressure was 140/90 mmHg on three occasions and
the individual had been without antihypertensive treat-
ment in the recent 6 months. Normal group was defined as
individuals without any cardiovascular diseases and risk
factors and normal in their physical examination and
echocardiography. Patients with atrial fibrillation, signifi-
cant valvular heart disease, or poor imaging quality were
excluded. The study was approved by the human research
committee of our hospital, and informed consent was
obtained from every individual.
Echocardiography
Standard echocardiography was performed with an echo
unit capable of performing conventional and tissue Doppler
studies (Vivid 7; GE-VingMed, Horten, Norway) with a 1.7/
3.5-MHz multi-frequency phase array probe, with the
examined individual lying in left lateral decubitus position.
The LA and left ventricular chamber dimension and left
ventricular ejection fraction were measured by the two-
dimension-guided M-mode method according to the
recommendations of the American Society of Echocardiog-
raphy [18]. Left ventricular mass was measured by the
M-mode method [19]. Transmitral Doppler flow velocity was
obtained from apical four-chamber view, and peak early
filling velocity (E), peak atrial velocity (A), early filling-
to-atrial velocity ratio (E/A) and E velocity deceleration
time (DT) were recorded [20]. Pulse wave tissue Doppler
imaging was performed on lateral mitral annulus, and peak
systolic annulus velocity (Sa), early diastolic annulus
velocity (Ea), and atrial annulus velocity (Aa) were
measured [21]. Two-dimensional images of apical four-
chamber and two-chamber views were acquired for three
cardiac cycles and digitally stored with a frame rate of
50e90 frames per second. Color tissue Doppler imaging
images were also acquired from the same views for three
cardiac cycles at a frame rate of 100e150 frames per
34 W.-C. Tsai et al.second. The images were analyzed off-line by computer
software (EchoPac 6.0; GE-VingMed, Horten, Norway).
Measurements of LA volume and LAEF by
two-dimensional echocardiography
LA volume was measured by bi-plane area-length method
from two-dimensional echocardiography [5]. The LA area
was measured with a planimeter on four-chamber and two-
chamber views by tracing the endocardial border, excluding
the confluence of the pulmonary veins and LA appendage.
The LA length was measured from the mid-line of the plane
of the mitral annulus to the opposite side of the LA. LA
volume was measured at both end-systole (maximal LA
volume, LAESV) and end-diastole (minimal LA volume,
LAEDV), calculated as 0.85 four-chamber area two-
chamber area/average of the two lengths [5]. Total LAEF
was calculated as the difference between LAESV and LAEDV
and divided by LAEDV [6]. Measurements were repeated
three times in each individual, and the average value was
used for analysis.
Measurements of atrial velocity and atrial strain by
tissue Doppler imaging
Color tissue Doppler imaging images were analyzed off-line
for LA tissue velocity (LATV) and strain. Measurements of
LATV were modified from a method previously reported
[8,9]. A sampling window of 2 mm in width and length was
placed at mid-LA level (about 1 cm below the mitral
annulus) of the atrial septum and lateral wall on four-
chamber view and the anterior and inferior wall on two-
chamber view (Fig. 1). The peak regional LATV after
P-wave electrocardiogram was measured for three
consecutive cardiac cycles. The average of LATV from the
four LA mid-walls was used for analysis. Peak LA tissue
Doppler imaging-derived strain (LATS) was measured from
the basal septal and lateral walls of the LA on four-chamber
view and the anterior and inferior walls on two-chamber
view, with a 1-cm region of interest for three cardiac
cycles (Fig. 2) [11]. The average of LATS from all four walls
was used for analysis.
Measurements of atrial strain and strain rate by
speckle tracking echocardiography
The endocardial border was manually defined using a point-
and-click technique. The smallest region of interest was
adjusted manually to include the entire LA wall. Time-
strain and time-strain rate plots were produced automati-
cally by the software. Peak LA strain (LAS) (Fig. 3) and peak
LA strain rate (LASR) (Fig. 4) were defined by identifying
peak negative deflection wave after P-wave on electro-
cardiography. Further division of the LA wall into eight
segments was performed, which included basal septal,
middle septal, basal lateral, and middle lateral segments
on four-chamber view, and basal inferior, middle inferior,
basal anterior, and middle anterior segments on two-
chamber view. The average LAS and LASR of all eight
segments (LAS8 and LASR8, respectively) or/and average offour segments from four-chamber view (LAS4 and LASR4,
respectively) were used for analysis.
Observer agreement
In 10 randomly selected studies, two readers independently
estimated all the parameters for LA function to test inter-
observer variability. One observer evaluated the same 10
studies on a separate occasion to determine the intra-
observer variability.
Statistics
Differences between groups were compared with one-way
ANOVA test, for continuous variables, or the chi-square
test, for categorical variables. Multiple logistic regression
analysis was used for assessment of the independence of LA
parameters for CHF controlling age and gender. Correla-
tions between parameters for LA mechanical function with
each other or clinical factors were assessed by Pearson’s
correlation test. All data are presented as the mean
standard deviation (SD). A p-value of less than 0.05 was
considered statistically significant. All analysis was per-
formed with SPSS 11.5 for Windows (SPSS Institute,
Chicago, IL, USA).
Results
Comparison among three groups
Data for comparison among the three groups are listed in
Table 1. Age was highest in the HF group. Proportion of
female individuals was higher in the NM group. Blood
pressure was highest in the HT group. Left ventricular size
and volume were higher and ejection fraction was lower
in the HF group, but there were no differences between
the HT and NM groups. Left ventricular mass progressively
increased from the NM to HF group. LA dimension and
volume were higher and LAEF was lower in the HF group.
Transmitral Doppler velocity E was significantly higher in
the HF and HT groups. E/A ratio was significantly lower in
the HT group. E/A ratio was >1 in the HF group, with DT
significantly shorter than the other groups, implying
a restrictive filling pattern in the HF group. Lateral
annulus velocity obtained from tissue Doppler imaging
showed Sa, Ea, and Aa were all decreased in CHF
patients. However, Aa was significantly higher in the HT
group. E-to-Ea ratio (E/Ea) was significantly higher in the
HF group, indicating higher LA pressure. For the param-
eters of LA mechanical function, LAS8, LASR8, LASR4,
LATV, LATS but not LAS4 were significantly decreased in
the HF group. There were no differences between the HT
and NM groups.
Parameters of LA mechanical function and CHF
Using multiple logistic regression analysis controlling for age
and gender, we found that all but LATS were significantly
associated with CHF (Table 2). Among tissue Doppler
imaging- or speckle tracking echocardiography-derived
Fig. 1 Color tissue Doppler imaging was analyzed off-line on both apical four-chamber (upper panel) and two-chamber views
(lower panel). Peak left atrial velocity (LATV) was identified after P-wave (white arrow).
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parameters for LA mechanical dysfunction in CHF.
Relationship between parameters of LA mechanical
function
Among parameters of LA mechanical function, LAS8 was
significantly correlated with LAS4 as well as LASR8 with
LASR4 (Table 3). Strain rate derived from speckle tracking
echocardiography correlated well with atrial velocity, and
strain derived from speckle tracking echocardiography
correlated well with strain derived from tissue Dopplerimaging. However, strain rate derived from speckle
tracking echocardiography was correlated less well with
strain derived from either speckle tracking echocardiog-
raphy or tissue Doppler imaging (Table 3).
Correlation between parameters of LA mechanical
function with other characteristics
Correlations between parameters for LA mechanical func-
tion with other important clinical or echocardiographic
characteristics are listed in Table 4. Left ventricular ejec-
tion fraction was correlated with most LA parameters
Fig. 2 Color strain imaging was analyzed off-line on both apical four-chamber (upper panel) and two-chamber views (lower
panel). Peak left atrial strain (LATS) was identified after P-wave (white arrow).
36 W.-C. Tsai et al.implying parallel changes between the left ventricle and LA
function. LASR8, LASR4, and LATV were strongly correlated
with LAEF, E/A, and E/Ea but not strain LAS8, LAS4, and
LATS derived from either speckle tracking echocardiog-
raphy or tissue Doppler imaging.
Observer agreement
Intra- and inter-observer variability was highest for strain
either derived from speckle tracking echocardiography or
tissue Doppler imaging and is lower in LATV. The variability
of LASR4 and LASR8 was acceptable (Table 5).Discussion
The present study showed that LA mechanical function was
decreased in CHF patients, as measured by either speckle
tracking echocardiography or tissue Doppler imaging. In
patients with HT without left ventricular dysfunction,
mechanical function of LA was not affected. Parameters
derived from speckle tracking echocardiography could be
used for assessment of LA deformation with acceptable
variability. Among the parameters for LA mechanical
function either derived from speckle tracking echocardi-
ography or tissue Doppler imaging, LASR from speckle
Fig. 3 Two-dimensional speckle tracking imaging was analyzed off-line on both apical four-chamber (upper panel) and two-
chamber views (lower panel). Peak left atrial strain (LAS) was defined by identifying peak negative deflection of speckle
tracking curve after P-wave (white arrow).
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parameter correlated with CHF.Significance of LA function in CHF
The importance of LA function in CHF patients with
myocardial systolic dysfunction has been demonstrated by
the measurement of LA size [3,4] and by flow Doppler of
pulmonary vein or LA appendix flow detected by trans-
esophageal echocardiography [7]. LA enlargement hasa prognostic role in CHF [22]. LA area index has shown its
diagnostic value for CHF with preserved left ventricular
systolic function in patients with HT [23]. However, LA size
or volume was determined by many factors [1], and could
not be used solely to represent the mechanical function of
the LA. Atrial velocity and strain imaging by tissue Doppler
imaging have recently been applied for the assessment of
LA mechanical deformation. Atrial velocity derived from
tissue Doppler imaging was decreased in patients with left
ventricular systolic dysfunction [8]. Left ventricular ejec-
tion fraction and diastolic dysfunction were independent
Fig. 4 Two-dimensional speckle tracking imaging was analyzed off-line on both apical four-chamber (upper panel) and two-
chamber views (lower panel). Peak left atrial strain rate (LASR) was defined by identifying peak negative deflection of speckle
tracking curve after P-wave (white arrow).
38 W.-C. Tsai et al.predictors for decreased tissue velocity of the LA, implying
that decreased LA contraction was associated with CHF,
which was consistent with the results of our study [8].
Recovery of LA function measured by atrial strain was
noted after successful cardiac resynchronization therapy
[24,25]. Our study also demonstrated that in patients with
HT left ventricular systolic dysfunction did not affect the
strain or strain rate of the LA. However, patients in the HT
group had higher left ventricular mass and lower E/A ratio.
This result indicated that HT affected left ventricular mass
and diastolic function at first due to increased afterload ofthe left ventricle. Active pumping function of the LA did
not decrease until left ventricular systolic dysfunction
developed.Speckle tracking echocardiography for assessment
of LA
Successfully using tissue Doppler imaging-derived parame-
ters in LA assessment demonstrated that strain and stain
rate were applicable for measurement of LA function
Table 1 Comparison between patients with heart failure (HF), hypertension (HT), and normal controls (NMs).
NM HT HF
Age (years) 44 14 53 13** 68 13*
Men (%) 13 (25)* 28 (61) 18 (64)
Systolic blood pressure (mmHg) 121 15 158 22* 141 27***
Diastolic blood pressure (mmHg) 75 11 95 14* 80 15*
Body height (cm) 161 8 161 8 161 8
Body weight (kg) 65 10 66 13 66 15
Diastolic LV dimension (cm) 4.8 0.5 4.7 0.5 6.0 0.9*
Systolic LV dimension (cm) 2.8 0.4 2.7 0.4 4.8 0.9*
LV end-diastolic volume (mL) 108 24 105 23 184 64*
LV end-systolic volume (mL) 31 11 29 11 110 50*
LV ejection fraction (%) 72 7 73 8 41 12*
LV mass (g) 115 31 156 50* 243 76*
LA dimension (cm) 3.0 0.6 3.3 0.6*** 4.1 0.6*
LA systolic volume (mL) 40 11 45 12 76 28*
LA diastolic volume (mL) 16 5 19 8** 53 26*
LA emptying fraction (%) 61 8 58 11 32 15*
Early transmitral velocity E (cm/s) 72.3 12.7 67.7 17.2 82.2 26.7***
Atrial transmitral velocity A (cm/s) 67.0 14.9 82.7 16.9* 73.3 35.1
Transmitral early filling-to-atrial velocity ratio (E/A) 1.12 0.29 0.85 0.26* 1.36 0.78
Mitral deceleration time (ms) 179 34 181 62 132 51*
Systolic annular velocity, Sa (cm/s) 9.5 2.2 9.0 2.1 4.9 1.5*
Early diastolic annular velocity, Ea (cm/s) 11.2 3.4 9.1 2.8** 5.7 2.7*
Atrial diastolic annular velocity, Aa (cm/s) 8.5 2.2 9.6 2.4*** 6.6 2.0*
Transmitral early filling-to-annular early diastolic
velocity ratio (E/Ea)
7.10 2.59 8.02 2.36 18.46 13.31*
LAS8 (%) 3.24 2.19 3.24 2.53 2.06 1.69***
LASR8 (L/s) 3.12 0.83 2.90 0.79 1.81 0.73*
LAS4 (%) 3.17 2.51 3.20 2.51 2.20 1.95
LASR4 (L/s) 2.95 1.01 2.78 0.75 1.64 0.76*
LATV (cm/s) 7.07 1.52 7.60 1.37 4.54 1.45*
LATS (%) 4.97 2.54 4.66 2.73 3.53 2.43***
*p< 0.001; **p< 0.01; ***p< 0.05.
HFZ heart failure; HTZ hypertension; LAZ left atrium; LAS8Z left atrial strain derived from speckle tracking (average of eight
segments); LASR8Z left atrial strain rate derived from speckle tracking (average of eight segments); LAS4Z left atrial strain derived
from speckle tracking (average of four segments); LASR4Z left atrial strain rate derived from speckle tracking (average of four
segments); LATVZ left atrial tissue Doppler-derived velocity; LATSZ left atrial tissue Doppler-derived strain; LVZ left ventricle;
NMZ normal control.
Table 2 Multiple logistic regression controlling for age
and sex for parameters of left atrial (LA) mechanical func-
tion associated with heart failure (HF).
Beta CI (95% CI) p value
LASR8 2.088 8.072 (2.903e22.447) <0.001
LASR4 2.154 8.618 (3.080e24.119) <0.001
LATV 1.543 4.677 (2.246e9.743) <0.001
LAS8 0.340 1.406 (1.009e1.958) 0.044
LAS4 0.356 1.428 (1.054e1.933) 0.021
LATS 0.242 1.274 (0.965e1.682) 0.088
LAS8Z left atrial strain derived from speckle tracking (average
of eight segments); LASR8Z left atrial strain rate derived from
speckle tracking (average of eight segments); LAS4Z left atrial
strain derived from speckle tracking (average of four segments);
LASR4Z left atrial strain rate derived from speckle tracking
(average of four segments); LATVZ left atrial tissue Doppler-
derived velocity; LATSZ left atrial tissue Doppler-derived
strain.
Speckle Tracking of Left Atrium in Congestive Heart Failure 39[8e12]. Speckle tracking echocardiography can avoid the
effects of tethering of the left ventricle and is proposed
to be more suitable for the measurement of LA pumping
function. Tissue Doppler imaging- or speckle tracking
echocardiography-derived parameters of LA function
were all decreased in CHF. However, speckle tracking
echocardiography-derived strain rate was the most
pronounced parameter independently associated with CHF
after multivariate analysis adjusted for age and gender.
The average strain rate of four segments from the four-
chamber view was as good as the average from eight
segments in predicting CHF. LASR simply measured from the
apical four-chamber view could be a useful index for
assessment of LA deformation. We also noted that LASR was
more significant than LAS for LA deformation assessment in
our study. The reasons for such differences are probably
higher variability of LAS, the speckle tracking waveform
being sharper, and the peak value in LASR being more easily
defined. Speckle tracking echocardiography has been used
for assessment of LA function after resynchronization
Table 3 Correlation between parameters of left atrial (LA) function.
LAS8 LAS4 LASR8 LASR4 LATV LATS
LAS8 rZ 0.790 rZ 0.205 rZ 0.190 rZ 0.136 rZ 0.555
p< 0.001 pZ 0.025 pZ 0.038 pZ 0.156 p< 0.001
LAS4 rZ 0.790 rZ 0.225 rZ 206 rZ 0.142 rZ 0.552
p< 0.001 pZ 0.014 pZ 0.021 pZ 0.136 p< 0.001
LASR8 rZ 0.205 rZ 0.225 rZ 0.085 rZ 0.502 rZ 0.192
pZ 0.025 pZ 0.014 p< 0.001 p< 0.001 pZ 0.051
LASR4 rZ 0.190 rZ 206 rZ 0.085 rZ 0.464 rZ 0.198
pZ 0.038 pZ 0.021 p< 0.001 p< 0.001 pZ 0.042
LATV rZ 0.136 rZ 0.142 rZ 0.502 rZ 0.464 rZ 0.248
pZ 0.156 pZ 0.136 p< 0.001 p< 0.001 pZ 0.010
LATS rZ 0.555 rZ 0.552 rZ 0.192 rZ 0.198 rZ 0.248
p< 0.001 p< 0.001 pZ 0.051 pZ 0.042 pZ 0.010
LAS8Z left atrial strain derived from speckle tracking (average of eight segments); LASR8Z left atrial strain rate derived from speckle
tracking (average of eight segments); LAS4Z left atrial strain derived from speckle tracking (average of four segments); LASR4Z left
atrial strain rate derived from speckle tracking (average of four segments); LATVZ left atrial tissue Doppler-derived velocity;
LATSZ left atrial tissue Doppler-derived strain.
40 W.-C. Tsai et al.therapy by D’Andrea et al [25]. However, LAS was defined
as the peak positive value after left ventricular systole in
the D’Andrea study [25]. Positive strain in the LA repre-
sented deformation only during LA filling but not during the
active pumping phase of the LA. We believe our methods to
define negative strain or strain rate after P-wave are more
suitable for assessment of the active pumping function of
LA using speckle tracking echocardiography. Comparing
the LATV and LASR (LASR8, LASR4, and LATS), the strain
parameters showed opposite correlation with the LAEF,
LVEF, E/A and E/Ea parameters, which are the most
important measurements for left heart mechanics. The
more negative peaking for strain rate and strain implicateTable 4 Correlation between parameters of left atrial (LA) fun
LAS8 LAS4 LASR8
Age rZ 0.180 rZ 0.099 rZ 0.228
pZ 0.049 pZ 0.272 pZ 0.012
SBP rZ 0.066 rZ 0.021 rZ 0.019
pZ 0.508 pZ 0.828 pZ 0.851
BMI rZ0.012 rZ0.015 rZ 0.276
pZ 0.918 pZ 0.892 pZ 0.013
LVEF rZ0.210 rZ0.153 rZ0.483
pZ 0.022 pZ 0.088 p< 0.001
LASV rZ 0.125 rZ 0.122 rZ 0.565
pZ 0.174 pZ 0.172 p< 0.001
LAEF rZ0.088 rZ0.032 rZ0.531
pZ 0.337 pZ 0.721 p< 0.001
E/A rZ 0.027 rZ 0.028 rZ 0.352
pZ 0.767 pZ 0.753 p< 0.001
E/Ea rZ 0.212 rZ 0.212 rZ 0.393
pZ 0.027 pZ 0.023 p< 0.001
BMIZ body mass index; E/AZ transmitral early filling-to-atrial veloci
velocity ratio; LAEFZ left atrial emptying fraction; LAS8Z left atrial
LASR8Z left atrial strain rate derived from speckle tracking (average
tracking (average of four segments); LASR4Z left atrial strain ra
LASVZ left atrial systolic volume; LATSZ left atrial tissue Doppler-d
LVEFZ left ventricular ejection fraction; SBPZ systolic blood pressuthe better LA pumping function as well as the more positive
LATV. Because the contraction and tethering from LV is
limited during the phase of atrial contraction, the LATV
(also a strong predictor for HF in multiple logistic regres-
sion) may be an easier application compared with the LASR
where strain echocardiography is not available.Factors associated with LA mechanical function
Parameters of LA mechanical function derived from either
tissue Doppler imaging or speckle tracking echocardiog-
raphy showed some correlation between each other, butction and other factors.
LASR4 LATV LATS
rZ 0.267 rZ0.016 rZ 0.112
pZ 0.003 pZ 0.870 pZ 0.254
rZ 0.056 rZ 0.181 rZ0.015
pZ 0.571 pZ 0.076 pZ 0.889
rZ 0.299 rZ 0.029 rZ 0.036
pZ 0.006 pZ 0.801 pZ 0.761
rZ0.489 rZ 0.645 rZ0.219
p< 0.001 p< 0.001 pZ 0.024
rZ 0.558 rZ0.414 rZ 0.194
p< 0.001 p< 0.001 pZ 0.046
rZ0.507 rZ 0.515 rZ0.117
p< 0.001 p< 0.001 pZ 0.231
rZ 0.298 rZ0.509 rZ 0.048
pZ 0.001 p< 0.001 pZ 0.626
rZ 0.365 rZ0.263 rZ 0.149
p< 0.001 pZ 0.007 pZ 0.142
ty ratio; E/EaZ transmitral early filling-to-annular early diastolic
strain derived from speckle tracking (average of eight segments);
of eight segments); LAS4Z left atrial strain derived from speckle
te derived from speckle tracking (average of four segments);
erived strain; LATVZ left atrial tissue Doppler-derived velocity;
re.
Table 5 Intra- and inter-observer variability by Bland-
Altman method.
Intra-observer
variability (%)
Inter-observer
variability (%)
LAEF 1.5 3.7
LAS8 7.8 10.5
LASR8 2.9 5.4
LAS4 15.4 10.2
LASR4 6.7 2.9
LATV 0.3 0.9
LATS 11.4 15.9
LAEFZ left atrial emptying fraction; LAS8Z left atrial strain
derived from speckle tracking (average of eight segments);
LASR8Z left atrial strain rate derived from speckle tracking
(average of eight segments); LAS4Z left atrial strain derived
from speckle tracking (average of four segments); LASR4Z left
atrial strain rate derived from speckle tracking (average of four
segments); LATSZ left atrial tissue Doppler-derived strain;
LATVZ left atrial tissue Doppler-derived velocity.
Speckle Tracking of Left Atrium in Congestive Heart Failure 41the absolute valves were not the same in our study. Strain
derived from speckle tracking echocardiography was highly
correlated with tissue Doppler imaging-derived strain, and
strain rate derived from speckle tracking echocardiography
was more correlated with atrial velocity detected by tissue
Doppler imaging. Different parameters of LA function
probably have different clinical significances and affecting
factors. Age was correlated with LASR but not tissue
Doppler imaging-derived strain and strain rate parameters.
Atrial velocity from tissue Doppler imaging significantly
correlated with left ventricular ejection fraction, which
indicated the effects of tethering from the ventricle than
did other parameters. LASR correlated very well with LA
size and emptying fraction. Increased LA pressure could
partially explain the pathology that LASR was most signifi-
cantly decreased in CHF patients in our study. However, the
clinical significance of these parameters needs to be
further evaluated. Methods for measurement of LV defor-
mation also affect assessment of LA mechanical function.
The sample volume for LATV was 1 cm beneath the mitral
ring, but for LATS the region of interest was 1 cm along the
septum and lateral LA wall at the relative posterior aspect.
By contrast, the assessment of LAS and LASR was performed
using the whole linear length of left atrium, including the
LA posterior wall. Speckle tracking echocardiography,
compared with the relatively regional localization of the
tissue Doppler method, presented the mechanics of the
whole LA and was more influenced by the left ventricular
systolic and diastolic function.
Limitations
This study was a cross-sectional study and lacked clinical
follow-up. The clinical implications of LA mechanical
dysfunction should be further studied. Image quality
affected the precision of the measurements. Variations in
LAS and LASR were relatively high in this study. The diffi-
culty in obtaining clear imaging of the LA using trans-
thoracic echocardiography limited the feasible applicationof speckle tracking echocardiography in clinical evaluation
of the LA.
Conclusions
Our study indicated that speckle tracking echocardiography
could be used for the evaluation of LA mechanical function.
Left ventricular systolic dysfunction was associated with
decreased LA mechanical dysfunction, which could be
demonstrated by either tissue Doppler imaging-derived
parameters or speckle tracking. Further study of the prog-
nostic significance of parameters regarding LA deformation
should be conducted.
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